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RELATED APPLICATIONS 



This application is related » 
09/***,**i 09/*** ! Application Nos. 

/ i, uy/***,**2 and 09/***,**3 

the present application. All of .h «^ 
assigned to the sa.e assignee as t\e 1'^'"^' ^PP^^-tions are 
disclosures o. all these relate, Z^^^'T'"'''' 
herein by reference. ^PPixcations are Incorporated 

FIELD OF THE INVENTION 

electroplated metsl structure i„ T ^"'^"^"^^'^^OS 
invention also relates to : Ltrx-.rr:^' 
capacitor In t.e device wMc^ coZarjr: T' 
Structure. fwiates such a metal 
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BACKGROUND OF THE INVENTION 

In the fabrication of semiconductor devices i . • 

are often embedded in dielectric ^/"^^ices, metal lines 

structure, particularly rn :!! :^? ^ """'"''^^^^ 
line., or ..BEOL..) of thl fabri" t o^r^^^^^^^^^^^ " 
necessary to isolate the .etal lines on one \ 
other levels. This i« ^ • , ^ ^^P™ the 

aielectric-c^nstl rri^ e""^ T ^ 

oarrier (for example, silicon nitride) 
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between the levels. 

A conventional BEOL process, provldlna an »lo . 
metal line In an Interlevel dlelecLc and "'"""P^"-'' 
barrier. Is shown m „g„res lI-lB 1 . /" 
Xa.er .such as Slo,, 10 Ls a " at„re Tl t^l^ 
liner/adhesion promoter 12 for , therein, a 

the surface, i„cludi„Tthe slde^aL T.""' "^^"^"^^ °" 
(Figure lA). m the !ase of "°" °' " 

t.>lcall. a ^o^^-^^lZZll^-l^^^^^^^ " - 

the suhstrate 10, and tantai™,, ia,er 12 slr^e," T*^" 
diffusion barrier while promoting adhesion Ttl \ '^'^ 
AS shown in Figure IB. a seed layer 13 f I" the 
Plated IS deposited over the entire surfal " 
performed on the entire s«:,ace, until fZuJ,.T^ " """" 
vlth Plated „etal 14 (see Figure Ic, iTT ""^ 
entire feature Is filled in '"^ 
o. Plated ™etal apPearsl^eriTou^L tl"ir 
excess ™etal, along with the liner ^terial in a^e^s 15 T 

F.,ure IB. .he pJe^ ..Lr.JTslLZZlTZ iT"" " 
except on the top surface 14a. ^ ""^'^ 

in order to encapsulate the metal line (to prevent 
electrical shorts and degradation of the metal iTrTT 
electrohigration and diffusion of the metTr t^e t 
the interlayer dielectric in .= k, ! °' 
16 (.ee Figure IeP lis , ' ««l«ctric layer 

T.e'high diei"::;; ci a„r:f h^ttiz 

dielectric constant of the level st:c :r ~,::r T"" 
interlevel dielectric 10, metal ,4 and layer Th T 

effect Of degrading the performance of the L^p' ; J"^ 
semiconductor device. ^"npxeted 

There is a need for an Improved BEOL fabrication r.r- 
in wMc. the piated metai is encapsulated J tT " 
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dielectric layer is eliminated, so that th. n . 
semiconductor device is enhanced. Performance of the 

5 SUMMARY OP THE INVENTION 

the substrate Is exposed. This Is do' k " ^""'^"^ °* 

.Klewalls and botto. of the feature Z I TT^ '"^ 
the feature with «taX, f oLT 'a H T:""^ 
and then depositing an additional barrier l^^er 
top surface of the „etal and contactlnTthe JILrT'"' 
layer. The additional barrier layer l! th!„ f " 
that the top surface of the subst«te Is ! - 
Pla„arl.atlo„ Is preferably perf!:!' ~ t^ 
is preferably filled by dei>osltln„ . \. feature 
feature and electroplatlnHhe iTal "^'-^ 

the ™e~ii:7pX"br r - 

Of the „etal .Tlr^T^^^ Tull — 
second barrier layer Is then deposited on thf . * 
the ™etal, and the first barrier layer 2,1 7 ^"''""^ 
layer are planarlzed. After planarUatlon 1 . "^'"'^^ 
the substrate is exposed, the metal is e ' " °' 

«rst barrier layer and sectd^bat ~lrt:" 
seco. barrier layer is planar «lth the top Z^^L 

According to another aspect of the Invention , 
the first barrier layer and the second barrUr . 
top surface of the substrate to be e^sld l ""^ 
PPrtion Of the top surface of the metTt^'b "^""^ " 

remaining portion of the second ^TZ layer oTr; ' 
surface of the metal. . second recess is rhenl^d^: the 
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metal at the e^vn^r,^^ 

».iie exposed portioij thereof, and « t^h- ^ 

- aeposxtec on th« top surface of t^e Ital "'^'^"^ 
remaining portion of the second barrlerT °" '"^ 

the second recess In the natal Te liTj' ""^""^ 
= then planarl^ed so that the top surface of thT 

exposed and the „etal Is encapsulated", the'VTr'^ 
layer, the second barri*.r- i« barrier 

- present ^T.:z::z ZZT::7'- 

fabrlcatino a in*»i-ai • , P^oviaes a method of 

includes th^\::::x~T""""" -'^^"^ 

flrst substrate iryl hasTferr"'""' * 

encapsulated -a/.tru^^erfTJirth^r t"' " 

slde«alls and bottom of the featurrT 

barrier la.er and the feature LfrilL^ X""^ ^ 

an additional barrier layer In contact with th"e f'' ^ 

layer, a second substrate layer Is therT 

surface of the first substrate la^^r and T^T^" °" 

=sr rrL;rt?- - 
^tructure. .teL\^^:\arri:~- 

substrate layer cov»^i„- »u . 'P^^^ted on the second 

ayer, covering the sldewalls of the or,=„- 
exposed encapsulated metal structure at th^ K . ' ""^ '""^ " 

opening. Is dZsit^ t^ 

dielectric layer on the sldewalls aL ontL Lt , 
opening and to fm the opening. The dlelertrlc T 
additional layer are then planarlzed. ^^^'^'^ the 

According to an additional aspect of »i, . 
enpapsulated metal structure forTed^n a feat ""^ 
is described. This structure s a f^ilTLLV ^""""^ 

covering the sldewalls and botto. of the fea"ur! T 
the feature and having a recess formed rhe~i„ ' " 
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as to encapsulate the metal. The additional h» • 
Plana.l.ed so that the top s„.,ace o. t ! rLtl":'-' 

According to another aspect of th. , '"'^ " exposed. 
lnsulator-„etaX („XM) capacltTstLtrre iTd":"' : 
5 structure Includes an encapsulated ItaTst 

^or^ed in a first substratl layer the slde ^ " 

a"ro:d\rr:Zr"o:r; ™^ --r 

-layer on the top surface ^-k^ *• 
substrate lav*»T-. <-k» «»"j:xace of the first 

curate layer; the second substrate lav*»^ k 
formed therein overlvlna t^ho ^ ^" opening 

.lelectrlc layer rr^thTsirr ^^^^^^ * 
portion o. the encapsulated ^etaTs^ct T " 

«.e opening. ^ additional layer covers the d ^ 
on the sldewalls and hotto„ o/the :;lgl:^"^:te""'^ 
opening, to form an upper plate of 

.he dielectric layer a" thl^rt^l" ''r^rral™"^- 
..at the top surface o. the second -hstratTlaTLt"™ 

BRIEF DESCRIPTION OF THE DRAWINGS 
m an mterlevll d^ectrL '"^ 

acoordinT:: T2^::^-7:::::rrT ~ 

Figures 3A-3. Illustrate addltlonal Zs m ! 
according to a second e„hodl„e„t o, the pLsr t nvenUoT 

Figures 4A-4E Illustrate steps m the fabri. J 
capacitor using an encapsulated ital s^ct^rrL " ' 
with the present Invention. "ructure in accordance 
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In the following descriptions of «-k 

electroplated Cu li„e e«be<l<Je<i In a sio T , 
win be detailed, xt win ap^reclatL tnT ''''' ''^'^'^^-^ 
as an example only, that t^! T ^"^M*' 
with a variety of substrate* » h " °" "'^ """^-^^ 
reposition proves r;«l^^^^^^^ various „etai 

restricted to encapsulation of a Itli zL^r"""" 
electroplating. ^^"^ ^o^^" 




15 AS sho™ in „g„„ 2A, dielectric layer 20 h« . 

a forced therein, where the .etal line Is desLd \ T^"^ 
Of liner material is deposited on the entirf ! ''^ " 

the sldewalls and botto™ of feature d r„o:eT'^:' 
case Of Plating cu this liner material Is^refeMl 
0 combination of TaN and Ta, „ith the TaN L ! ' 

layer 20; the liner serves as a dl» T " ""^ 

adhesion promoter. . ZZ layer is tlnT^'^ 
Uner typically by chemical :apor"d:o:i:L„";:::r 

An electroplating process is then perfo™! • 
layer 23, to plate metal 24 on top of thTuZr 2"""' 
contrast to the convent ^" 
feature 21, is .elTbelteTuL":^^^^^^ T'"' ^ 
in the feature 21, but with atjr si" llTT '^"^ " ""^ 
and compare with Figure Ic, '^^^ "S"" ^B, 

the toTs:::^ zivi::i%':i :r ""-^^ ^--^ - 

»echa„lcal polishing .CM^r HI ^^^IW"--- 
chosen to deliber«i-oi« ^ ^ f^v^t-ess conditions are 

to aeiiuerately promote "dishing"— that i<. ^ 
a dish-shaped depression in the .aterJl belt ^^oveT";;:: 

FIS9-2000-0016' 
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skilled in the cimt 

i-ne CMP art wall recognize that "rti«>,* 
usually is not Ceslred, ^ pL^J'" 
polishing pad., The CMP proces^ tZT " 
the top surface 22a, and Trrrl "^'^^ 
= interior of feature 21 so 1* :::" 

i. below the top surfa« 20a o" Cr L^r'^"' °' ""^^ 
CMP process thus for„s , IZ l llT ' 

substrate layer 20 and the plated Jai '"^""-^ °* 

A layer 25 Is then deposited on the o^^. 
Shown in pi^„ 2D. ™is layer .«y Be cf tl ! 
the llner/barrler layer 22 a„„»k ^. "aterlal as 

such as silicon nltrLe ^y be " sT 2""^ '^"'^^ 
to the liner material, l^^r 25 mis HV' " 
top of Plated n,etax 24, so that all s„. LeTof " ""^ 
metal are protected by a diffusion barrier 

The combination of layers ?9 ok • 
expose the top surface .«a :f lay^ 20 ^s^'^;.''^^""^^^- 
Planarizatlcn process is preferably <L r ' 
process described ,ust abo've ,r:itT:dlsXT::e" 
conditions are chosen to obtain a hloh ' 
so that the top surface 25a of th "^S^*^ »« Plonarlzatlon 

«ith the top su'rface To.Xl^Zl lT h^"' " " 
a structure of encapsulated -etar pu;ed .etr2 " """" 
by liner/barrier layers 22 . f surrounded 

the substrate layer 20 and h ^" 
in contrast to tTclentlVstrur r """"" 
and 2K., a Hlgh-dlelectrlc-constant Ltlerrrr. "'""^ " 
to the location of the plated metal im" ' " 

second Ei„b o d.n , .n t= Do..b... n ^, „ 

In this embodiment, an encapsulated metal n„. . . 

r= z^z L'zr 
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polish of the top surfaee barrier layers. 

As 1„ the first embodiment, a feature 21 Is formed 1„ 
substrate layer ao, a llner/barrler layer 22 and a mT^i "ee^ 
layer are deposited on the surface, and electroplating iV 
5 performed so that metal 24 fills feature 21. The plated . 
IS then poushed with a process that promotes " sMnT» a^a' 
barrier layer 25 is deposited on top of layer 22 and tie 

Figure 3A (comparable to Figure 2D)., Layers 22 and 
10 planarl^ed, again preferably by CMP. .ir:::!^^ ,1 
process rs assumed to be less perfect than m the first 
e-bodxment, for example, overpoUshlng of the layers may be 
necessary to compensate for non-unlformitles In the oolLh 
rate. ,he resulting structure Is shown i„ PI L L I ft r' 

15 thxs planarlzation process, layers 22 ?s .r-J , 

' j-ayeirs zz, 25 are completelv 

removed from the top surface 20a of layer 20, layer 22 is 
eroded m regions 22b at the comers of plated metal 24; and 
layer 25 is reduced to a portion 25b In the "dished" re;ess of 
the Plated metal 24 . compared to the first embodiment, a 
20 relaxation of CMP process regulrements leads to Incomplete 
encapsulation of the metal line. "P^ete 
The structure Is polished again, this time under 

I'T^T" *° ^"^^^ ^"e Plated metal 24. 

Since the central area of the metal surface is covered by 

"mT h'. kT "^^'"^ aLas of 

m crodlshlng.. 31 at the edges of the metal line (see Figure 

be ; n H '° -'-1 that can 

be filled and polished to yield an encapsulated structure 
Another liner/barrier layer 32 is then deposited on the 
» surface, covering barrier layer portion 25b and filling the 
••microdishing" areas 31 (Figure 3D) . 

Finally, layer 32 is planarized (again preferably by CMP) 
so that the top surface 20a of layer 20 Is again exposed rt 
Should be noted that the originally recessed area of the plated 
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nietal line is covered by barrier layer portion 25b h 
"microdishino" ar-*.«« :»i portaon 25b, and the 

snmg areas 31 are recessed further still 
Accordingly, layer 32 may be overpolished (to / 
removal fro. top surface 20a) while still overtrtV^'"''"^ 
' — s Of the Plated metal. ;.s shown in PiguJe ^ th! 
resulting structure has remaining portions oTi 
the "microdlshing" regions 31 of th , '^^'^ ^^^^^^'^S 

the first embodiment a hiah^i i ' 

on the top surface"; the mt" ^hT^^^ ^^^^^^^ ^^-^ 

1 «^ «-ne metal (thevremaininq portions r,f 

and 3E, embodiment (compare Figures 2E 

and 3E) . The second emi>odiment has the idvantaoe of , 
stringent CMP planarl.atlon process re^irIl\T at th 
of an additional barrier deposition step. ' ™" 

Applicatio n to MIM PapacitoT-s 

The metal encapsulation process of frh«. 
«ay be advantageousl, used In'.::: c.tlg"^^^^^^^^^^^^ 
Figures Illustrate this fabrication prlesT ri::- 

Shows an encapsulated metal structure b™^ ! ' * 

embodiment described above in thiH ^ " 

auuve. in this example, it will ho 

assumed that the substrate layer 40 is Sio thl 

metal 4i is Cu ^ ^ ^" siO,, the encapsulated 

11 IS cu, and the barrier layers 4? - 
of Ta and TaN. ' ^""^ * combination 

:rtr::Lr 'rgr^t-' rr-^- - - 

patterned using standard Photolltlgraphy L '''" 

to form an opening « above the ^.taTs'^c'r " 

z :::::!:: "^"-^ - - upperUTorL 
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This layer Is then planarlzed (preferably by cMP, th,. , 

removed .ro„ the top surface 44a of layer 44. bu tlTl 

portion renaming Inside opening 45. a„ add>'t.„ T ! 

then deposited on layers 44 and thl. ZlTl ^ ^= 

the upper capacitor plate 1„ the MIM capacitor it^T^ , 

Figure 4D,. i^yer 47 is then planari.ed s^ tlt t"e t" 

surface 44a of layer 44 is again exposed. The relL 

portion Of layer 47 is thus confined' to the ^nln^" 

the encapsulated „etal 41 „,th the dielectric layer 46 

therebetween. Alternatively, layer ♦? could h T 

i».edlately after layer 4.,"„d the l lay rs th:„":r" 

in a Single polishing process. " Planarlsed 

.e. rsh^rbTni-drt^r::::^^ r- - 

.egulred In this Ml„ capacitor Z^J::^^^''- ^ 

Furthermore, control of the size of opening 45 r>.rl,i 

Of the Plate area of the „l„ capaclto!. ^ 

vmile the invention has been described in terms of 

specific embodiments. It is evident In view of thH 
description that numerous alternatives, ^IfLrLnT":"' 
varratxon. will be apparent to those skilled in thTart 
Accordingly, the invention Is intended to enco^pas. all .„oh 
alternatrves, «odif Icatlons and variations which fall IthTn 
the scope and spirit of the invention and the following "LL 
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